There is no consensus in the literature as to which model should be used to estimate the stock returns and the cost of capital in the emerging markets. The Capital Asset Pricing Model (CAPM) that is most often used for this purpose in the developed markets has a poor empirical record and is likely not to hold in the less developed and less liquid emerging markets. Various factor models have been proposed to overcome the shortcomings of the CAPM. This paper examines both the CAPM and the macroeconomic factor models in terms of their ability to explain the average stock returns using the data from the Visegrad countries. We find, as expected, that the CAPM is not able to do this task. However, a four-factor model, including factors such as: excess market return, excess industrial production, excess inflation, and excess term structure, can in fact explain part of the variance in the Visegrad countries' stock returns.
Introduction
Emerging markets have been quite extensively studied due to the large interest of investors who view them as an attractive alternative to investing in more developed markets. Emerging markets are typically characterized by relatively higher returns, but also higher volatility of stock returns as compared to the developed ones. However, there is no consensus in the literature as to which model should be used to explain the returns in these markets and estimate the cost of equity capital. The aim of this paper is to propose such a model for the stock markets in Visegrad countries: the Czech Republic, Hungary, Poland, and the Slovak Republic. More specifically, we will analyze how different models perform in explaining the variations in stock returns on the stock markets and which one of these models should be used to estimate the cost of equity capital in this market.
Cost of equity capital is crucial information that is needed in order to assess the investment opportunities and the performance of managed portfolios. The cost of equity capital is used as a discount factor when calculating the net present value (NPV) of the investment projects. In principle, by using the net present value, investors want to verify whether the payoff of the investment exceeds its cost 1 . The future payoffs expected from a particular investment need to be discounted, so that they can be compared to the costs of the investment that need to be incurred at the present time. In 1 A good discussion of the NPV methodology can be found in Brealey and Myers (1988) . In short, a simple NPV formula is as follows: NPV C C r C r = + + + + + 0 1 2 2 1 1 ( ) .... , where C 0 is the cash flow today (i.e. the cost of investment, a negative number), the C 1 is the payoff from the investment one-period ahead, and r is the rate of return that investors demand for the delayed payment. This is the cost of capital.
developed markets, the capital asset pricing model (CAPM) is commonly used by financial managers to calculate the cost of the equity capital, as well as to assess the performance of managed portfolios, such as mutual funds (Fama and French 2004) . Graham and Harvey (2001) report that 75.5 percent of the 392 respondents to their survey use the CAPM to estimate the cost of equity capital, which is then used to calculate the net present value (NPV) of the investment projects, where the cost of equity capital is used as the discount rate. The rationale behind using the cost of equity capital estimated by the CAPM is the following: since the future payoffs from the investment are risky,
i.e. not certain, the rate of return used to calculate the NPV of this investment should come from a comparably risky alternative investment opportunity. A good candidate for such an alternative is investment in the stock market.
Therefore, the expected rate of return on the investment in the local stock market, as predicted by the CAPM, can be used as a discount rate in calculating the NPV of the investment project to be undertaken in a given market. If the estimate of the firm's beta coming from the CAPM is biased upward it may lead to a rejection of profitable investments projects, i.e. when the internal rate of return is not greater than the upward biased hurdle rate.
The CAPM formulated first by Sharpe (1964) , Lintner (1965), and Black (1972) describes the relationship between risk and expected return and is used to price risky securities. A very clear and intuitive link between an asset's risk in relation to the risk of the overall market and an asset's expected return is one of the main advantages of the CAPM and is key to understanding its widespread use. There are, however, also some caveats to using the CAPM.
Specifically, there are many empirical studies showing that the CAPM in its classical version does not hold for the period of the second half of the twentieth century even in developed markets. While Black, Jensen and Scholes (1972) and Fama and Macbeth (1973) find that the CAPM holds for the period, more recent studies of the period 1960's-2000's find otherwise. Among the first studies to report the disappearance of the simple relation between the asset's risk and the average return, as predicted by CAPM, were Reinganum (1981) and Lakonishok and Shapiro (1986) . Fama and French (1993) propose a multi-factor model, which includes factors related to the firm's size and firm's book value. This model performs better than the classical CAPM and they argue that stock risks are multidimensional
and therefore the addition of other factors improves the CAPM power to explain the average stock returns.
Fama-French factors (FF factors) are the most commonly used in the literature as they turned out to be the most successful empirically. In order to obtain these factors the stocks need to be grouped into portfolios on the basis of the firm's size, as well as firm's book-to-market value 2 . In addition, factors related to some macro variables have also proven to be able to explain the variation in stock returns. Chen, Roll and Ross (1986) test whether additional sources of risk such as innovations in macroeconomic variables are priced in the stock market. They find that indeed some of these variables do affect the stock market. The significantly priced macro variables include: the spread between long-and short-term interest rates, expected and unexpected inflation, industrial production, and the spread between high-and low-grade bonds. Moreover they argue that neither the market portfolio, nor aggregate consumption is priced separately. Given the widespread of factor models and they empirical success, we will also propose and test a factor model that could be used to explain the stock returns in the stock markets of Visegrad countries and allow to estimate the cost of equity in these markets, subject to data limitations.
The CAPM, as well as most factor models, include the overall market return as a factor. Market portfolio by definition should contain all the traded and non-traded assets and so in practice the composition of such true market portfolio is unknown. Therefore, the researchers use various proxies for the market portfolio that most often consist of traded stocks. Roll (1977) argued that violations of the CAPM that are found in empirical works might be due to the choice of the market portfolio. Low and Nayak (2005) show that the choice of market portfolio is irrelevant for the validity of the CAPM. They conduct comprehensive simulations to show that if the CAPM is found to hold using one proxy for the market portfolio, it holds for all the alternative proxies. More importantly, this is also true in an opposite case; if the CAPM does not hold for one of the specifications, it does not hold for any other, where different proxies for market portfolio are used. Similarly, Bartholdy and Peare (2003) show that the Fama-Macbeth procedure (FMB) results in an unbiased estimate of the expected returns even though a proxy is used for the market portfolio.
Moreover, they argue that unbiased results are obtained independently from the proxy used as long as the FMB procedure is executed correctly.
As discussed above, the classical CAPM model does not always hold
in practice when used to analyze the markets in developed countries. The markets in emerging markets, including the stock markets in Visegrad countries, are less efficient and less liquid compared to the developed markets and so it is likely that the CAPM model, especially in its classical formulation, may not be suitable for estimating the cost of capital for these economies. Harvey (1995) argues that the emerging markets are characterized by low betas and the CAPM model is not able to capture the relationship between the stock returns in these countries and the market portfolio. Based on this finding there are several studies that analyze various factors that influence the stock returns in the emerging markets and propose models suitable for estimating the cost of capital in these markets. Viskanta (1995, 1996) find that country credit ratings are significantly related to stock returns, and they propose a model based on these indices. Similarly, Harvey (2004) argues that the country risk rating from the International Country Risk Guide impacts the expected returns in emerging markets and so he incorporates these indices in his version of the CAPM model.
The issue of the relative integration of the emerging markets with the global markets and its implications on the stock returns in these markets has been central in the literature. Bekaert and Harvey (1995) argue that the integration of the emerging markets with the global markets has been a dynamic process and therefore also the cost of capital should be allowed to vary over time as the relative measure of the integration with global markets changes. In a more recent paper, Bekaert and Harvey (2000) develop a model, in which dividend yields are used as a measure of the equity cost of capital. They find that the cost of capital declines as the emerging markets 7 become more integrated with global markets. In one of the few papers that study the markets in Central and Eastern Europe (CEE), Sokalska (2001) finds that stock prices of the Czech Republic, Hungary and Poland move together. She argues that local macroeconomic fundamentals are of relatively small importance in those markets and that the key factors influencing the movements of stock prices are exogenous. Namely, she claims that it is the flow of foreign portfolio capital that can be traced to affect the movement of stock prices in those markets. De Jong and de Roon (2001) link the issue of time varying market integration with expected returns in emerging markets.
They develop a model, in which expected returns depend on the degree of market segmentation, measured as a ratio of assets in a given market that cannot be traded by foreign investors. Given that the degree of segmentation changes over time, they allow the expected returns to also vary with time.
Using data from 30 emerging markets, including the Visegrad countries, de
Jong and de Roon provide evidence that the market segmentation has a significant effect on the expected returns. They find in line with the theory that increasing market integration (or decreasing market segmentation) leads to lower expected returns and hence lower cost of capital.
There are some important data and methodological issues that need to be addressed in the Visegrad countries. First, the data available is of relatively short time span, which may influence the plausibility of our results. Given these results we proceeded with the estimation of the factor model. Due to data limitations, we were not able to construct the FF factors.
Therefore, we developed a model, in which the macroeconomic factors are used. We extended the classical CAPM by adding the following three factors:
industrial production, inflation, and the term structure. Similarly to the CAPM, this four-factor model was not sufficient to explain the variation in stock returns on these markets, although it had some explanatory power in Poland and in Hungary. Specifically, both in Poland and in Hungary the term structure was significantly priced, indicating that this factor is able to explain part of the variation in the average stock returns in these markets. In Poland inflation was similarly a priced factor. The presence of pricing errors was detected in the model for Czech Republic, Poland, and the Slovak Republic since the constant terms were significant. In addition, we estimated alternative factor models, which included other variables that we believe may be important in Visegrad countries. Some of the additional factors, which turned out to be significantly priced, included money, exchange rate, and German industrial production.
Given mixed results stemming from macroeconomic factor models we proceeded to estimate other multi-factor models, in which we used the principal components as factors. For all Visegrad countries we estimated a four-factor model with excess market return and three first principal factors. In case of Poland, all four factors were significant, though the constant term was still significant, indicating the presence of pricing errors. The third principal factor was also significant for Slovakia but none of the factors turned out to be significant in other countries. Keeping in mind that there may be some errorsin-variables present in the FMB estimation, we decided to proceed with an alternative estimation method as a robustness check. The method that appears to be the most suitable for this purpose is the General Method of Moments (GMM), in which both time series factor sensitivities (betas) and time-varying cross sectional loadings on the risk premia (gammas) are estimated simultaneously, instead of two-stage estimation procedure in FMB.
We were able to obtain these alternative estimates only for This paper is organized as follows. In Section 2 we discuss CAPM and factor models in greater detail, as well as the testing procedures. In Section 3
we introduce the data and discuss some its limitations that make the use of some standard techniques impossible. Section 4 contains the empirical results from testing the CAPM and factor models in the Visegrad countries. In Section 5, we briefly summarize the findings of this paper and suggest some direction for further research.
Methodology
The main objective of this paper is to point to suitable asset-pricing model that could be used to estimate the cost of equity capital in the Visegrad countries. The first candidate is the Capital Asset Pricing Model (CAPM).
According to this classical model specification, the expected return on the security or on the portfolio of securities should be equal to the risk-free rate plus a risk premium, which consists of the portfolio's beta multiplied by the expected excess return of the market portfolio (return on the market portfolio minus the risk free rate). A classical, one-factor CAPM looks as follows:
( )
where E(r it ) is the expected i-th stock return (i=1….N), r t f is the risk-free rate, and E r t m ( )is the expected market return. This model can be empirically tested using the following regression equation:
where r it -r t f is the excess market return on i-th stock, r mt is the market return α i is the constant term, β i m is the coefficient on the excess market return for each of the i stocks, and ε it is the error term. According to the CAPM prediction, the constant term, α i , should be statistically insignificant (i.e. equal to zero) for each of the i stocks. If this is the case, the pricing errors are zero and the CAPM is said to hold empirically. In addition, the slope coefficient, β i m , should be significantly different from zero, indicating that the excess market return is indeed priced by the stock market, i.e. it helps to explain the variation in the stock returns. Moreover this coefficient, which represents the measure of one stock's risk as compared to the risk of the overall market, should vary among the stocks.
We also considered an extension of the classical CAPM -a multi-factor model. Suppose there are k-factors that are believed to influence the stock returns in a given market. The k-factor model can be tested by using the following regression equation:
where r t m is a local index return, r t k is the k-th factor return (k=2…K), r it is the i-th stock return, r t f is the risk-free rate, α i is the constant term, and ε it is the error term. Similarly to the CAPM, this multi-factor model predicts that the constant terms, α i , should be insignificant and the slope coefficients, β i m and Assuming the returns are iid and normally distributed the following t-statistic is used:
Similarly, one can obtain t-statistics t γ for γ m and γ 0 and test all of the CAPM restrictions.
There is one important caveat to the FMB approach. regressed on the appropriate portfolio beta. This approach reduces the measurement error but it does not completely resolve this problem since it still uses betas estimated in the first step in the regressions in the second step.
Using portfolios rather than individual stocks can, however, improve the estimates mainly due to utilizing the portfolios' betas rather than the individual stocks' betas, which may contain structural breaks. Due to limited number of companies listed on the Visegrad stock exchanges, there is not enough observations at any given point of time to form portfolios of individuals stocks.
Instead, we proceed with alternative estimation method that allows for a simultaneous estimation of betas and gammas, and therefore avoids the errors-in-variable problem altogether. Cochrane (2005) shows that it is possible to use the GMM estimation in this fashion. More specifically, in case of single factor he proposes to combine the moment conditions used to estimate betas and gammas in the following way:
In this system there are N(1+K+1) moment conditions since for each asset N we have one moment condition for the constant, K moment conditions for K factors and one moment condition that allows to estimate the lambdas (assetpricing model condition).
To summarize, in this paper we estimated several alternative models, including the classical CAPM, macroeconomic factor models and principal factor model using the two alternative estimation methods: the FMB and the GMM. One of the main advantages of FMB estimation procedure is that it uses all the information available for a given data point, accounting for variation coming from both sources: time-series and cross-section. Given relatively short time spans of data available for the stock markets in Visegrad countries, it is key to be able to utilize all the available data points to their maximum. This procedure is, however, prone to errors-in-variables problem due to a two-stage estimation. In order to account for this problem, we obtained alternative estimates for Poland using the GMM one-step procedure,
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which allowed us to assess the potential importance of the errors-in-variables in our models. Unfortunately, we were not able to obtain similar estimates for other Visegrad countries due to the variance-covariance matrices not being positive definite, hence not invertible. Table I .
Table I Summary Statistics for Variables Used in the CAPM Regressions
Sample mean, standard deviation, maximum and minimum values are reported for the variables used in the CAPM regression. These statistics are reported for the cross sectional distribution, where the number of firms varies from 8 to 74 depending on the country. All the variables represent monthly returns in local currency. Stock_rt stands for stock return, market_rt is the local market return, and tbill is a monthly return on short term government securities.
As argued, the classical, one-factor CAPM does not always hold empirically and therefore various multi-factor models have been proposed in the literature. FF factors are the most commonly used in the literature as they turned out to be the most successful empirically. In order to obtain these factors the stocks need to be grouped into portfolios on the basis of the firm's Therefore, in this paper a second best approach is used, namely the macroeconomic factor model. It has been noted that observable economic time series like inflation and interest rates can be used as measures of pervasive and common factors in stock returns. Chen, Roll and Ross (1986) argue that the stock prices can be expressed as expected discounted dividends:
where c is the dividend stream and k is the discount factor. From this it can be deducted that the economic variables that influence discount factors as well as expected cash flows will also influence the expected returns. Chen, Roll
and Ross (CRR) use the following factors: industrial production growth, a measure of unexpected inflation, changes in expected inflation, the difference in returns on low grade corporate bonds and long-term government bonds (risk premia), the difference in returns on long-term government bonds and the short-term Treasury bills (term structure), changes in real consumption, and oil prices. In our factor model, similarly to CRR, we included a monthly industrial growth and the term structure. In contrast to CRR, we did not include two inflation variables in order to avoid likely correlations between them. Instead, we used only the monthly inflation. Since there is no timeseries data on corporate bond grading in Visegrad countries, we did not incorporate any measure of risk premia in our model. CRR find that changes in consumption and oil prices are not significantly related to the stock returns.
Therefore, we did not include these two factors in our specification. To summarize, in our baseline factor model we used the following four factors: market return, monthly growth rate of industrial production, inflation, and term structure. Changes in the level of industrial production affect the real value of cash flows. In addition, a direct link between the returns and production is specified in the business cycle models. Inflation influences the nominal value of cash flows, as well as the nominal interest rate. Finally, the discount rate is affected by the changes in the term structure spreads between different maturities. In addition, we estimated alternative factor models, which included variables that we believe may be important in Visegrad countries. The Table II .
In order to overcome the limitations of factor models with respect to the small number of variables that can be used in the estimation, we employed the principal component analysis to extract the main factors driving the economies of the Visegrad countries. This method is mainly used for forecasting purposes. It is based on the principle that there are a few forces 20 driving the dynamics of all macroeconomic series. Since these forces are unobservable they need to be estimated from a large number of economic time series. Given the still transitionary character of the Visegrad stock markets, as well as the limited span of data available, principal component analysis may be very useful for explaining the stock returns in these countries.
The list of variables used to obtain the principal factors is included in the Appendix. The first three principal factors, which explained most of the variance of the average stock returns, were then used as the factors in the alternative multi-factor model (principal factor model). In addition, the same number of factors as the baseline multi-factor model, allowed a direct comparison of the performance of these two models. The summary statistics of the three first principal factors used in the principal factor model are presented in Table III .
Table II Summary Statistics for the Additional Variables Used in the Factor Model Regressions
Sample mean, standard deviation, maximum and minimum values are reported for the additional variables used in the multi-factor model regression (market return, stock return and local t-bill statistics are reported in Table I ). These statistics are reported for the cross sectional distribution, where the number of firms varies from 8 to 74 depending on the country. All the variables represent monthly returns or growth rates in local currency. The time series for term structure was obtained by subtracting a monthly return on treasury bills from a monthly return on long-term government bonds. In the subsequent statistical analysis CPI inflation and term structure used in first differences since their original time series contain unit roots. Indprod stands for monthly industrial production growth rate, infl represents monthly growth in inflation, ts is a term structure, exrate is a monthly appreciation/depreciation of the national currency as compared to euro, ger_indprod stands for a monthly industrial production growth in Germany, money represents monthly growth in M1, and exports is a monthly growth in exports. 
Estimation
The CAPM (single-factor model) was estimated using the regression equation (2) by the FMB procedure, where local market indices were used as proxies for market portfolio 9 , and monthly returns on local t-bills represented risk-free rate. The results obtained for the four Visegrad markets are presented in Table IV .
Table IV Average Slopes and t-Statistics (reported in parenthesis) from Month-byMonth Regressions of Excess Stock Returns on Betas of Excess Market Returns
We estimated the CAPM by the FMB procedure using the following regression equation: Monthly return on a local index was used as a proxy for market portfolio's 9 Initially we considered using the following three alternative variables as a proxy for the market portfolio: local market index, S&P 500 index and the MSCI world index. We tested these various specifications for the Polish market and found that the choice of market proxy did not influence the test of the validity of the CAPM. Our findings are consistent with Low and Nayak (2005) , who show that the choice of market portfolio is irrelevant for the validity of CAPM. Therefore, we proceeded with the local market index as a proxy for the market portfolio.
return and monthly return on a local t-bill was used as a risk-free rate. *, **, *** indicate significant difference at the 10, 5, and 1 percent levels, respectively. These results indicate that the CAPM should not be rejected for
Hungary and the Slovak Republic, as none of the constant terms was statistically different from zero. However, also the coefficients gammas (γ m )
were not statistically different from zero, which implies that the market return was not priced. Results for the Czech Republic and Poland indicated that the CAPM should be rejected, as the constant terms were significantly different from zero, which indicates the presence of pricing errors in this model specification. This result is not surprising and is in line with the literature covering the behavior of stock exchanges in the second half of the twentieth century. Therefore, we extended the single-factor model by adding additional macroeconomic factors. In the baseline factor model, we added the following three variables: industrial production, inflation, and the term structure. This extended four-factor model was also tested following the FMB procedure. The results from these regressions are presented in Table V . f is the risk-free rate, α i is the constant term, and ε it is the error term. Monthly return on a local index was used as a proxy for market portfolio's return and monthly return on a local t-bill was used as a risk-free rate. We considered the following four factors: excess market return, inflation, industrial production, and term structure. All series represent monthly growth rates or monthly returns. Inflation and term structure are used in first differences since the unit root tests detected nonstationarity in these series.
Similarly to the CAPM, this multi-factor model predicts that the constant terms, should be insignificant and the slope coefficients should be significantly different from zero. In the first stage, we regressed the excess stock return f ) for the twenty-fourth month. Then, the betas were obtained for the period from second to twentyfifth month, and used in the second stage to obtain the estimate of gammas for the twenty-fifth month. This procedure of rolling regressions with a fixed window of twenty-four months was used to cover the whole sample of data.
Finally, we tested the averages of these T estimates to see if: ( ) on excess market return and other factors f). *, **, *** indicate significant difference at the 10, 5, and 1 percent levels, respectively. Some of the factors turned out to be indeed significantly priced in Poland and in Hungary. In Poland, two factors: inflation and the term structure were able to explain part of the variation in the average stock returns. In Hungary, only the term structure seemed to have some explanatory power.
While none of the factors turned out to be significant in the Czech Republic and in Slovakia, some of the t-statistics were quite high, bordering the significance at the 10 percent level (for industrial production in the Czech Republic and for inflation and the term structure in Slovakia). These lower values may be due to a downward bias, caused by the presence of errors-invariables resulting from the two-step estimation in FMB. Hungary was the only country, for which the constant was not statistically significant, indicating that no pricing errors were present in this specification.
Given these mixed results we proceeded with alternative multi-factor models, in which we included additional variables such as exchange rate, German industrial production, money, and exports. The results of these alternative estimations are presented in Table VI significant in the model for the Czech Republic, indicating that these commonly used macroeconomic factors were not able to explain the variation in average stock returns in this country. Given these results we decided to proceed with the basic factor model for the Czech Republic. For Hungary, the term structure was statistically significant in al model specifications, indicating that this factor had some explanatory power in this market. By adding additional factors we are also able to reduce the significance of constant terms, thus reducing the pricing errors in these models. Having confirmed the importance of term structure for the Hungarian market even when other factors are included, we decided to continue with the basic factor model. In case of Poland, as before, the term structure and inflation were significantly priced. When money was included in a model, the slope coefficient on inflation turned insignificant, as money gained explanatory power. By adding additional factors, we were able to reduce the significance of constant terms. Given the trade-off between inflation and money, we decided to proceed with the basic factor model and include inflation rather than money in case of the Polish market. In the Slovak market, exchange rate and the German industrial production were both significant when included together with the four factors encompassing the basic factor model. ..... , where r t m is a local index return, r t k is the k-th factor return (k=2…8), r it is the i-th stock return, r t f is the risk-free rate, α i is the constant term, and ε it is the error term. Monthly return on a local index was used as a proxy for market portfolio's return and monthly return on a local t-bill was used as a risk-free rate. Compared to the baseline four-factor model (results in Table V) , we added up to four additional variables, including: exchange rate, German industrial production, money, and exports. All series represent monthly growth rates or monthly returns. Inflation and term structure are used in first differences (unless otherwise indicated) since the unit root tests detected nonstationarity in these series. Similarly to the CAPM, this multi-factor model predicts that the constant terms, should be insignificant and the slope coefficients should be significantly different from zero. In the first stage, we regressed the excess stock return r r . This regression was repeated for each month and we obtained T estimates of gammas (γ 0 , γ m and γ f ) for each of the factors f. Specifically, first beta estimates were obtained for the first 24 months of data and then used to calculate the gammas for the twenty-fourth month. Then, the betas were obtained for the period from second to twenty-fifth month, and used in the second stage to obtain the estimate of gammas for the twenty-fifth month. This procedure of rolling regressions with a fixed window of twenty-four months was used to cover the whole sample of data. Finally, we tested the averages of these T (-0.7017) In the next stage, we employed the principal component analysis to obtain the leading factors, which we then incorporated into a factor model together with an excess market return. This four-factor model (including three principal factors/components and an excess market return) was estimated using FMB. The results of this estimation are presented in Table VII . the error term. Monthly return on a local index was used as a proxy for market portfolio's return and monthly return on a local t-bill was used as a risk-free rate. We obtained the principal factors using the principal component analysis. Then, we used the first three as the principal factors in the asset-pricing model. Similarly to the CAPM, this multi-factor model predicts that the constant terms, should be insignificant and the slope coefficients should be significantly different from zero. In the first stage, we regressed the excess stock return r r f ) for the twenty-fourth month. Then, the betas were obtained for the period from second to twentyfifth month, and used in the second stage to obtain the estimate of gammas for the twenty-fifth month. This procedure of rolling regressions with a fixed window of twenty-four months was used to cover the whole sample of data. According to the results presented in Table VII, the principal factors were all significant in case of Poland and one factor was significant in case of the Slovak Republic. Unlike in previous CAPM and factor models, the local index was significant in Poland, indicating that it was able to explain some of the volatility of the stock returns in the Polish market when principal factors were included. In case of the Slovak Republic, only the third factor was significant, which captured most of the variation included previously in exchange rate. None of the principal factors, nor the local market were significant for the Czech Republic and Hungary.
As argued, the results obtained by using FMB procedure are likely to be biased due to errors-in-variables problem. In order to verify this hypothesis we proceeded with alternative GMM estimation, in which all the slope coefficients (betas and gammas) are estimated simultaneously. We obtained satisfactory confirmation of this hypothesis for Poland. For other countries, however, we were not able to obtain the GMM estimates due to data issues. Specifically, it was not possible to obtain the inverses of the variancecovariance matrices of residuals defined in (6) in these systems (these matrices were not positive definite). The estimates obtained for the four-factor model for Poland from the one-step GMM estimation are presented in Table   VIII .
The results presented in Table VIII clearly confirm the hypothesis that the FMB estimates of the slope coefficients were biased downward. The estimates obtained by one-step GMM for the four factors are in all cases greater than the FMB estimates. More importantly, they all turned significant, as compared with only two factors: inflation and term structure being significant in the FMB case. We estimated the GMM system, in which moment restrictions allowed for a joint estimation of betas and gammas, as specified in the FMB. Based on Cochrane (2005) we wrote the moment conditions in the following way: Since J-statistic was less than the appropriate critical value we could not reject the model. *, **, *** indicate significant difference at the 10, 5, and 1 percent levels, respectively.
Summary
Emerging markets returns have been quite extensively studied in the last decade. However, there is still no consensus in the literature as to which model should be used to explain the returns in these markets and to estimate the cost of capital. Cost of capital is important information that is needed to evaluate the investment opportunities, as well as to assess the performance of managed portfolios. In the developed markets, the CAPM is most often used to estimate the cost of capital, even though its empirical record is quite poor. Factor models have been developed to overcome some of the CAPM's shortcomings, namely the inability of the excess market return alone to explain the variance of the average stock returns. Factor models extend the CAPM by adding additional factors to the excess market return in order to improve the predictive power of the model.
In this paper we tested various asset-pricing models and evaluated their relative performance in explaining the average stock returns in the Visegrad countries. These models, as argued, can be used to estimate the cost of capital, which is then used to evaluate investment opportunities. There is no consensus in the literature as to which model should be used for this purpose in the emerging markets. We began by formally estimating the CAPM by the FMB procedure using the data from the Visegrad markets to see how it performs. While we were not able to reject the null hypothesis that the CAPM holds (i.e. constant terms are not significantly different from zero) for Hungary and Slovakia, we were also not able to reject the null hypothesis that the coefficients on the factor loading (betas of the excess market return) were statistically insignificant. In contrast, we could reject the CAPM for the Czech and Polish markets. Having confirmed the low power of the CAPM in explaining the variance of the average stock returns we then proceeded to estimate a factor model. Due to a limited number of stocks traded in the Visegrad markets we were not able to construct the FF factors. Another alternative is to use so-called 'macroeconomic factor models', in which the observable economic time series like inflation or interest rates are used as measures of pervasive or common factors in asset returns. We employed a macroeconomic factor model based on the factors used by CRR (1986). In our model we included the following four factors: excess market return, industrial production, inflation, and excess term structure. We estimated this fourfactor model using the FMB procedure. This model had some explanatory power in Poland and in Hungary since some of the slope coefficients were significant, indicating that the factors were priced. Moreover, in Hungary, the coefficient on the constant term was not significant; hence there were no pricing errors present in this specification. The coefficients on the constant terms were, however, significant in the Czech Republic, Poland and in the Slovak Republic, indicating that some pricing errors were present. Using alternative macroeconomic variables, as factors largely did not improve the results 10 . Given these mixed results, we decided to proceed with the principal component analysis in order to extract the key factors that explain the variability of stock returns in these countries. The principal factor model had some explanatory power in case of Poland and the Slovak Republic. Unlike in previous CAPM and factor models, the local index was significant in Poland, indicating that it was able to explain some of the volatility of the stock returns in the Polish market when principal factors were included. In case of the Slovak Republic, the slope coefficient on the third factor was significant, indicating that this factor was priced. The principal factors did not add an explanatory power in the Czech Republic and Hungary. Based on these results we concluded that macroeconomic factor model, rather than the capital asset pricing or the principal factor models, is suitable for estimating the cost of capital in Visegrad countries. Our conclusion is supported by the results obtained for Poland when using the one-step GMM estimation method. These alternative estimates, free of errors-in-variables problem, resulted in all the factors turning significant, confirming that the FMB estimates were biased downward. Even though due to empirical problems we were not able to obtain similar alternative estimates for other Visegrad countries we can expect that the estimates obtained by the FMB most likely undermine the significance of macroeconomic factors in explaining the average stock returns.
